Variant calling with GATK

Variant calling: Sophisticated

The GATK variant pipeline is the current "best practices" model for variant calling in human genome and exome data. Exercises will be shown to illustrate
the various steps, but we don't have time to cover all the steps, tools, and methodologies used.

A few take-home points:

® A simple problem (finding SNPs) done at large-scale (human genome) introduces significant false positives which can take a lot of time and work
to deal with

® Even if your data isn't human-sourced, you may find valuable ideas by looking over more mature pipelines from large genome projects

® There are many, many people constantly evolving computational methods and pipelines like GATK, so chose carefully before you start, and
recognize that switching mid-stream may be costly

® Amongst all this sophistication, keep in mind the boldface caveat posted on the GATK site: Care should be taken by the analyst running our
tools to understand what each parameter does and to evaluate which value best fits his/her data - use common sense, and sanity check
your results frequently!

We've taken the liberty of simply incorporating the GATK wiki site by iframe into this course.

Scott/Dhivya's script for actually running v3 GATK at TACC on Lonestar:

#! / bi n/ bash
echo "exome_pipeline_ill.bash rifastqfile r2fastqgfile refindex reference dbsnp outprefix"
date

# echo "expected f3_f5prefix.F5.csfasta f3_f5prefix. F5_QV.qual f3_f5prefix.F5.csfasta f3_f5prefix. F5_QV. qual
#read f3readfile f3qualfile f5readfile f5qualfile refindex reference dbsnp outprefix

f3fastqgfil e=$1
fo5fastqgfil e=$2

refindex=$3
ref erence=$4
dbsnp=$5

out prefi x=$6

f3fastqgfil e_prefix=$outprefix."r1"
f5fastqgfil e_prefix=%outprefix."r2"
# f3fastqfil e=$f3fastqfile_prefix."single. fastqg"
# fofastqfile=$f5fastqfile_prefix."single.fastqg"

echo "exome_pipeline_ill.bash $f3fastqfile $f5fastqfile $refindex $reference $dbsnp $out prefix"

echo "bwa aln $refindex $f3fastqfile > $f3fastqfile_prefix.sai 2>$f3fastqfile_prefix.bwa.log "
# bwa aln $refindex $f3fastqgfile > $f3fastqfile_prefix.sai 2>8$f3fastqfile_prefix. bwa.l og

echo "bwa aln for $f3fastqgfile done"

date

bwa aln $refindex $f5fastqfile > $f5fastqfile_prefix.sai 2>$f5fastqfile_prefix.bwa.log

echo "bwa aln for $f5fastqgfile done"

date

#bwa sanpe and awk to get only mapped data, also with read group (RG info

bwa sanpe -A -a 600 -r '@GtID nolD\tPL: I LLUM NA\t LB: noLB\t SM bar' $refindex $f3fastqgfile_prefix.sai
$f5fastqfile_prefix.sai $f3fastqfile $f5fastqgfile > $outprefix.sam 2> $out prefi x. sanpe. | og

echo "bwa sanpe for $f3fastqgfile_prefix done"

date

#sam t o bam conversi on

#doesn't work

#j ava - Xmx4g -Djava.io.tnpdir=/tnmp -jar /hone/daras/picard-tool s-1/picard-tool s-1.53/Sort Samjar SO=coordinate
I NPUT=$out pr ef i x. sam OQUTPUT=%out pr ef i x. bam VALI DATI ON_STRI NGENCY=LENI ENT

#mar k PCR dupl i cat es

#doesn't work

#j ava - Xmk4g -Djava.io.tnpdir=/tnp -jar /hone/daras/picard-tool s-1/pi card-tool s-1.53/ MarkDuplicates.jar
I NPUT=$out pr ef i x. bam OQUTPUT=%out pr ef i x. mar ked. bam METRI CS_FI LE=netri cs CREATE_| NDEX=t r ue

VALI DATI ON_STRI NGENCY=LENI ENT



#sam to bam conversi on using santool s

santools view -b -S $outprefix.sam > $out prefi x. bam
echo "santools view for $outprefix.sam done"
date

rm $out prefix. sam

sant ool s sort S$out prefix. bam $out prefix. sorted
date

mv $out prefi x. sorted. bam $out prefi x. bam

echo "santools sort for $outprefix.bam done”
date

sant ool s i ndex $outprefix. bam

echo "santool s i ndex $out prefix. bam done"

date

#l ocal realignment around indels

java -d64 - Xns512m - Xmx4g -jar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenoneAnal ysi sTK.jar -T

Real i gner Target Creator -R $reference -o $outprefix.bamlist -1 $outprefix. bam 2>$out prefix.indel.log

java -d64 -Xnme512m - Xmx4g -jar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenonmeAnal ysi sTK. jar -1

$out prefix. bam -R $reference -T I ndel Realigner -targetintervals $outprefix.bamlist -o $outprefix.realigned. bam
2>$out prefix.indel 2.1 og

date

#fix mate info - MAY REMOVE

# java -d64 -Xms512m -Xnx4g -Djava.io.tnpdir=/tnp -jar /opt/picard-tools-1/picard-tools-1.53/Fi xMatel nformation.
jar | NPUT=$out prefi x. real i gned. bam QUTPUT=%out prefi x. real i gned. fi xed. bam SO=coor di nat e

VALI DATI ON_STRI NGENCY=LENI ENT CREATE_| NDEX=t r ue

#qual ity score recalibration

java -d64 -Xns512m - Xnx4g -j ar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenoneAnal ysi sTK.jar -1 INFO -R
$reference -knownSites $dbsnp -1 $out prefix.realigned. bam-T Count Covari ates -cov ReadG oupCovariate -cov

Qual i tyScoreCovariate -cov CycleCovariate -cov DinucCovariate -recal File $outprefix.recal _data.csv 2>%out prefi x.
recal .l og

date

java -d64 -Xns512m - Xnx4g -jar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenoneAnal ysi sTK.jar -1 INFO -R
$reference -1 S$outprefix.realigned. bam-T Tabl eRecal i bration -o $outprefix.realigned.recal.bam-recalFile

$out prefix.recal _data.csv 2>%out prefix.recal 2.10g
#Produce SNP cal | s

java -d64 -Xnms512m - Xnx4g -jar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenoneAnal ysi sTK. jar -gl m BOTH -
R $reference -T UnifiedGenotyper -1 $outprefix.realigned.recal.bam--dbsnp $dbsnp -o $out prefix. snps. vef -
metrics snps.metrics -stand_call _conf 50.0 -stand_enit_conf 10.0 -dcov 1000 - A Dept hOf Coverage -A All el eBal ance
date

#filter SNPs (according to seganswers exonme gui de)

java -d64 - Xns512m - Xnmx4g -jar /work/ 01866/ phr 254/ gshar e/ Tool s_And_Pr ogr ans/ bi n/ GenoneAnal ysi sTK.jar -R
$reference -T VariantFiltration -B:variant,VCF snp.vcf.recalibrated -o $outprefix.snp.filtered.vecf --
clusterWndowSi ze 10 --filterExpression "MO >= 4 & ((MQO / (1.0 * DP)) > 0.1)" --filterName

"HARD TO VALI DATE" --filterExpression "DP < 5 " --filterNane "LowCoverage" --filterExpression "QUAL < 30.0 " --
filterName "VeryLowQual" --filterExpression "QUAL > 30.0 &% QUAL < 50.0 " --filterNanme "LowQual" --
filterExpression "QD < 1.5 " --filterName "LowQD" --filterExpression "SB > -10.0 " --filterName "StrandBi as"
date

NOTE: If you are looking to setup GATK yourself, here are some tips:

See the best practices section:

http://www.broadinstitute.org/gatk/guide/best-practices

Download the resource bundle:

http://www.broadinstitute.org/gatk/guide/article?id=1213

If you are looking to run GATK at TACC on Lonestar or Stampede with data from human samples, here are some tips:

GATK resource bundles are kept in the BiolTeam corral directory here:


http://www.broadinstitute.org/gatk/guide/best-practices
http://www.broadinstitute.org/gatk/guide/article?id=1213

/corral -repl/utexas/Biol Tean r ef _dat abase/ GATK/

You will need to use nodul e spi der GATK to figure out which versions of GATK are currently installed, and then use the appropriate resource bundles.
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